Millipede diversity and abundance were analysed at sites lying between 250 and 650 meters above mean sea level in Alagar Hills of Eastern Ghats, Tamil Nadu, India. Millipede abundance and diversity peaked at midelevations influenced by favourable niche and food resources. Diversity of millipedes indicates the influence of local habitat and food resource availability. In the present study, millipede species, Harpaphe haydeniana, Xenobolus carnifex, Arthrosphaera magna, Aulacobolus newtoni, and Spinotarsus colosseus, are present at midelevation (450 MSL). Abundance of millipedes at 450 m elevation is due to moderate canopy and litter, which support understorey vegetation like herbs and shrubs.
Introduction
Biodiversity offers several direct and indirect economic benefits to humankind [1] . The interest in diversity especially over the past few years has focused on how diversity influences ecosystems and ecological processes [2] . Ninety-five percent of experimental studies support a positive relationship between diversity and ecosystem functioning [3] [4] [5] . The biotic diversity tends to play a significant role by enriching the soil, maintaining water and climatic cycles, and converting waste materials into nutrients. Soil macrofauna makes an important contribution to soil fertility by promoting the stability and productivity of forest ecosystems, mainly due to their influence on soil process such as litter decomposition and nutrient dynamics [6] . Furthermore, elevation is merely a surrogate for a suite of biotic and abiotic factors that influence species richness [7] . Therefore, identifying ecologically meaningful causal factors is essential in order to explain variation in species richness along elevation gradients [8] . Millipedes belong to class Diplopoda, a highly diverse group of terrestrial organisms with over 12,000 described species and an estimated 80, 000 species yet to be described [9, 10] . Among soil Arthropods, millipedes act as primary destructors of plant debris and play a crucial role in soil formation processes. Many millipedes can also serve as indicators of environmental conditions and improve the structure content of organic matter and nutrient elements of soil [11, 12] .
Gadagkar et al. [13] studied species richness and diversity of ant populations from different localities in Western Ghats, India. Diversity of forest litter-inhabiting ants along an elevation gradient in the Wayanad region of the Western Ghats is studied by Sabu et al. [14] . Bharti and Sharma [15] observed the diversity and abundance of ants along an elevational gradient in Jammu Kashmir, the Himalayas. Bubesh Guptha et al. [16] examined the preliminary observation on butterflies of Seshachalam biosphere reserve, Eastern Ghats, Andhra Pradesh, India. Diversity indices of tropical cockroach were reported by Bonsals [17] and Padmanaban [18] . Distribution, diversity, and population dynamics of chosen insects in Courtallam tropical evergreen forest were extensively studied by Edwin [19] . Anu et al. [20] studied litter arthropod diversity in an evergreen forest in the Wayanad region of Western Ghats, India. Biodiversity of spiders in Western Ghats of Tamil Nadu was also reported [21, 22] . Isabel [23] observed biodiversity of litter arthropod communities in Alagar Hills Reserve forest in Eastern Ghats, India. In India there is no proper information available on the identification, the diversity, and the role of millipedes in forest ecosystems. Hence, the broad objective of the present study is to identify , and 650 m), which were visited every month from July 2011 to May 2012. The lowest site was at 250 m elevation because that is where millipedes seemed to first occur, while 650 m is the highest elevation of Alagar hills reserve forest. Observation of millipedes was made through 6 quadrats (1 m × 1 m) in each study site and each sampling date, and the mean number of millipedes/quadrat was calculated. Millipedes were collected from the study area by hand picking, and species were identified by using various field guides and available literatures.
Data Analysis.
Standard methods were used to calculate the richness and evenness of millipede species at different altitudes. The diversity indices were calculated using the Ludwig and Reyonlds software package [24] . Two indices are needed to compute Hill's diversity numbers: (a) Simpson's index and (b) Shannon's index. These were calculated by using the following formulae:
Simpson's index ( ):
Shannon's index ( ):
Results
The following five species of millipedes were identified in the study area. segments), and the juveniles are of dark olive green colour. The head of the adult is yellow brown or olive brown or olive green; the second segment is dark brown with a black band bordered with yellow colour, forming a narrow stripe. The average weight, length, and width of an adult millipede range from 4.5 to 12.5 g, from 3.5 to 6.5 cm, and from 1.5 to 2.5 cm, respectively, ( (Table 1) . 
Discussion
The present study, an inventory of millipedes, is the first of its kind in Alagar hills of Eastern Ghats. Also, this is the first report of the elevational distribution of millipedes in the Eastern Ghats of Alagar hills. Two diversity indices were calculated. Shannon's index ( ) is sensitive to changes in the abundance of rare species in a community, whereas Simpson's index ( ) is sensitive to changes of the most abundant species in a community. These two diversity indices showed much difference in millipede distribution and diversity. Shannon index assumes that individuals are randomly sampled from an indefinitely large population [25] . This index also assumes International Journal of Biodiversity that all millipedes are represented in the sample. Simpson's index, which gives the probability of two individuals drawn at random from a population belonging to the same species, increases with the decrease in diversity. Hence, it is understood that midelevation has the highest diversity, and low and highest elevations have the lowest diversity pattern.
Brown [26] reported that changes in life on earth are due to abundance and diversity of organisms along the earth major environmental gradients, including those of elevation.
The significant change of abiotic and biotic environmental variables along elevational gradients strongly affects patterns of abundance, distribution, and diversity of most organisms. As emphasized by Brown and Lomolino [27] , lower elevational zones usually differ from higher altitude by the following: (1) a greater total amount of resources and population number; (2) more refugia and space for species with large home ranges; (3) greater habitat diversity; and (4) a greater potential for serving as a target for potential immigrants. The abundance of feeding guilds can strongly depend on habitat structure [28] which changes with increasing altitude, thereby differentially altering the available amount of food resources for feeding guilds and the vegetation structures required for foraging by different functional groups along the elevation gradient [29] .
The present study reveals the fact that maximum millipede species diversity in midelevation, which confirms to the midelevational richness in species abundance is recorded from Philippines by Samson et al. [30] and from Madagascar by Fisher [31] . The higher Shannon's diversity index shown by middle elevation indicates that it provides more opportunities for survival in the form of ecological niches than those lower and higher elevations. The lower level of elevation is highly disturbed due to human activities and cattle grazing. The canopy cover is open, which results in nearly dry and barren land rendering fewer potential niches. The boulders, which are very common, have been used only as a shelter from extremes of temperature and humidity during summer. In high elevation, the closed canopy reduces the sunlight and the under storey vegetation which again results in a reduced number of potential niches. Besides, the high rate of transpiration by plants and nearby water streams makes the atmosphere very humid and cool. This could be the reason for moderate evenness and diversity indices shown by these elevations. But, the middle elevation with moderate canopy and litters supports understorey vegetation like herbs and shrubs and provides more potential niches and protection during periodic flooding. This elevation is occupied by all species of millipedes in fairly equal proportion, and this explains the high evenness and diversity indices observed in midelevation.
Cardelús et al. [32] emphasized that many species from lower and higher elevations overlap at midelevation, which generally provides the most suitable environment for arthropods. Sabu et al. [14] commented that peak litter ant abundance recorded at midelevations in the Wayanad region suggests that these are centres of the richest diversity and abundance. Rahbek [7] demonstrated that hump-shaped relationship with maximum species numbers at midelevations. Different elevational richness pattern may be due to (a) an overall decline of species richness with increasing altitude [33] , (b) a plateau of species being the richest at lower altitude then declining towards the highest elevations [34] , and (c) a midelevation peak of species richness [35, 36] . Padmanaban [18] reported that cockroach diversity and abundance were the maximum in the middle altitudes in comparison with those in the higher and lower altitudes of Alagar hills reserve forest., Isabel [23] also emphasized that arthropod species diversity was higher in midelevations compared to that in lower and higher elevations of Alagar hills.
Krebs [37] consolidated six reasons out of the hypotheses proposed for variation in species diversity, namely, time available for speciation and dispersal, spatial heterogeneity, vegetation structure, competition, environmental stability, and productivity. These reasons can be attributed to the variation in diversity indices between elevations observed in the present study. From the present study, it is concluded that distinct variations in the diversity of millipedes at five different altitudes and peak diversity of millipedes recorded at midlevel elevations in the Alagar hills suggest that these are centres of the richest diversity and abundance that should be prioritised as areas for further intense conservation.
